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This is a contiiniatioii-in-part {plication of United States Serial No. 08/767»224r filed 
December 13, 1996. 

FIELD OF THE INVENTIQN _ , - 

The inventioii is in the field of molecular biology. It relates, more particularly, to 
cloned glucagon-like peptide 2 receptors and their use in drug screening and related 
applications. 
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BACKGROUND TO THE JNVBmON 

Glucagon-like pq>tide-2 (GLP-2) is a 33 amino acid peptide, v^iuch is expressed in a 
tissue determined fashion from the pleiotrophic glucagon gene and is highly related in 
terms of amino acid sequence to glucagon and Glucagon-like peptide- 1 (GLP-1). 
Ma mm al i an forms of GLP-2 are highly conserved: for example, the human and degu (a 
south American rodent) forms differ by one and three amino acids req)cctivcly from rat 
GLP-2. Recently it was demonstrated that GLP-2 is an intestinotropbic peptide 
hormone; when given exogenously, GLP-2 can produce a marked increase in the 
proliferation of small intestinal epithelium of the test mice (Drucker ct al, (1996) PNAS, 
93:7911-7961). More recently, GLP-2 has been shown to increase D-Glucose maximal 
transport rate across the intestinal basolateral membrane. (Cheeseman and Tseng: 
American Journal of Physiology (1996) 271:G477-G482) 
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To accelerate research into gastrointestinal biology and development of drugs useful in 
the treatment of gastrointestinal disorders, it would be useful to provide the receptor 
through which the effects of GLP-2 are mediated. 



SUMMARY OF THE INVENTION 

The GLP-2 receptor has now been cloned and characterized. Accordingly, the present 
invention provides an isolated polynucleotide encoding a mammalian GLP-2 receptor, 
including the rat and human forms. In aspects of the invention, polynucleotide coding 
30 - - for the GLP-2 receptor is utilized for expression to obtain functional receptor protein 
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and for furtiier gene cloning to identify stnicturaUy related recqrtor proteins; In related 
aspects of tJw invention, anti-sense versions of GLP-2 receptor-encoding polyimdeotides 
and ftagments thereof are obtained and utilized to regulate GLP-2 receptor expression. 

In another of its aspects, the invention provides GLP-2 receptor as a product of 
lecombinant production in a cellular host In related sspects, there are provided 
recombinant host cells that express GLP-2 receptor, as weU as receptor-bearing 
membranes derived from such cells, and expression constructs in which polynucleotide 
coding for the GLP-2 recqptor is linked to expression controls fiinctional in the selected 
host cell. 

In another of its aspects, the GLP-2 receptor is utilized in a chemicals screening 
program to identify GLP-2 receptor ligands. This method comprises the steps of 
incubating the candidate ligand with an GLP-2 receptor-producing cell of the present 
invention, or with a membrane preparation derived therefrom, and then assessing the 
interaction by determinii^ receptor/candidate ligand binding. 

In another of its aspects, the invention provides antibodies directed to the GLP-2 
receptor, for use for example in diagnostic procedures. 

The invention is further described widi reference to the foUowing drawings in which: 
BRIEF REFFRENCE TO THF DRAWINGS 

Figure 1 discloses a cDNA sequence (SEQ ID NO: 1), nucleotides 17 to 1546 of which 
encode the rat GLP-2 receptor. 

Figure 2 discloses the amino acid sequence of the expression product (SEQ ED NO: 2) 
from the cDNA of Figure 1. 

Figure 3 ilhistrates die relative binding affinities of a GLP-2 peptide and a GLP-1 
peptide for the receptor encoded by SEQ ID NO: 1. 
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Figure 4 discloses a cDNA sequence rof^ 667 nucleotides (SEQ ID NO: 9) which encodes 
222 amino acids (SEQ ID NO: 10) of the human GLP-2 receptor. - - - - 

Figure S discloses the amino acid sequence (SEQ ID NO: 10) expressed from the cDNA 
of Figure 4. - 

Figure 6 discloses a cDNA sequence (SEQ ID NO: 11), nucleotides 121-1779 of which 
encode the himian GLP-2 receptor. 

Figure 7 discloses the amino acid sequence of the egression product (SEQ ID NO: 12) 
from die cDNA of Figure 6. 

Figure 8 illustrates the relative binding affinities of GLP-2 peptide and GLP-1 peptide 
for the receptor encoded by SEQ ID NO: 11. 

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS 
The invention relates in one respect to polynucleotides that code for GLP-2 receptors- 
Such polynucleotides may be in the form of RNA, or in the form of DNA including 
cDNAi genomic DNA and synthetic DNA. The GLP-2 receptors are characterized by 
strucmral features common to the G-protein coupled receptor class, including seven 
transmembrane regions, and by the functional properties of binding GLP-2 peptide 
selectively relative to GLP-1 peptide and, when expressed functionally in a host cell, of 
responding to GLP-2 binding by signal transduction. 

The activity of a G-protein coupled receptor such as a GLP-2 receptor can be measured 
using any of a variety of appropriate functional assays in which activation of the 
receptor results in an observable change in the level of some second messenger system, 
such as adenylate cyclase, calcium mobilization, inositol phospholipid hydrolysis or 
guanylyl cyclase. 
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In one embodiment of tbe invention; the OlP-2 receptor is encoded: by tlw - ^ -^-^ 
polynucleotide sequence of SEQ ID NO: 1. This particular iGLP-2 rcccptOT-encoding* 
polynucleotide, also referred to as tiie WBR gene, is a cDNA of rat origin. The 
expression product of this polynucleotide incorporates the mature form of the GLP-2 
receptor, and may incorporate a secretion signal tiiat is rranoved before niembrane 
integration of ttie mature GLP-2 receptor product The expressed GLP-2 receptor 
product (Figure 2, SEQ ID NO: 2) is characterized structurally as a single 509 amino 
acid polypeptide chain having a predicted molecular weight of 59kDa. With respea to 
stmcmral domains of diis GLP-2 receptor, hydropaihy analysis and secpicKe alignment wifli 
related mraibers of this sub-femily of G protein coiqrfed receptors indicates seven put^ 
transmembrane domains, one spanning residues 140-162 inclusive (TM 1), another ^>anning 
residues 170-189 (TM II), a third spanning residues 221-244 (TM HI), a fourth spanning 
residues 259-280 (TM IV), a fiftti panning 298-321 (TM V), a sixth panning 345-364 (TM 
VI) and a seventh spanning 381-400 (TM VII). Based on this assignment, it is likely diat 
this GLP-2 receptor, in its natural memhrai^-bound form, comists of a ah N-terminal 
extracellular domain, followed by a hydrophobic region containing seven transmembrane 
domains and an intraceUular 401-509 amino acid C-termmal domain. The protem exhibits 
the highest degree of homology to the rat GLP-1 receptor with 38% identity at the amino 
acid level. Yet another aspect of the invention is amino acid sequeiKes corresponding to any 
of the above domains, and nucleotide sequences which encode these amino acid sequences. 

In a related embodiment, the cDNA is of human origin ( Figure 3, SEQ ID NO: 9) and 
encodesaproteinhaving the amino acids of SEQ ID. NO: 10. This nucleic acid was isolated 
using the rat cDNA sequence as described generally direcdy below and in detail in 
Exan^le 3. In a ftirther related embodiment of the invention, xbc cDNA is of human origin 
(SEQ ID NO: 11) and encodes the fiill length human GLP-2 receptor having tbe amino acid 
sequence of SEQ ID NO: 12. Tbe human GLP-2 receptor precursor product (Figure 7, 
SEQ ID NO: 12) is characterized structurally as a single 553 amino acid polypeptide chain 
having a predicted molecular weight of 72 kDa. With respect to structural domams of this 
GLP-2 receptor, hydrxxpathy analysis and sequence alignment with related members of this 
sub-family of G protein coupled receptors indicates seven putative transmembrane domains. 
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one spamipg residues 181-2Q3 indosive (TM I), another spamupg re^dues.211-230 CfM II), 
a third spanniiig residues 262-28S (TM m), a fomtfa spaiming residues 300-321 (IM IV). a~ 
fifkh spanniiig residues 339-362 (TM V>, a sixth spanning residues 386-405 (TM VQ, and a 
sevendi spanning residues 422-441 (TM VII). Based on diis assignment, it is likely that this 
GLP-2 receptor, in its natural caembiane-bound form, consists of an N-tennxnal extracellular 
domain, followed by a hydrophobic region containing seven transmembrane domains 
interspersed with six short hydrophilic domains, and an intracellular domain, , which is 
predicted to span residues 442-SS3. A secoixl form of this GLP-2 receptor enconq>assed by 
the invention has a translational start site at the methionine codon at position 26 of ^ amino 
acid sequexK:e presented in Figure 7 SEQ ID No. 12. The resulting S28 amiiK> acid 
polypeptide chain also consists of an extracelhilar domain, seven transmembrane domains, 
and an inuracellular domain, and is at least 95% identical in sequence to residues 26-553 of 
the sequence presented in Figure 7, SEQ ID NO: 12. 

In another embodiment, the invention provides GLP-2 recqstor polynucleotide sequences as 
a tool useful to identify structurally related polynucleotides. At low stringency hybridis^on 
coixiitions, for instance, polynucleotide libraries can be probed to identify genes that are at 
least about 40% homologous to the GLP-2 receptor gene. To facilitate isolation of WBR 
gene homologs that are also GLP-2 receptor-encoding, stringency conditions are desirably 
enhanced to identify homologs havii^ at least 80% sequence identity at the polynucleotide 
level to WBR. More desirably the WBR gene homologs are 90% identical, and most 
desirably they have at least 95% sequence identity when compared to WBR. Preferably, the 
isolated WBR homologs are characterized in that (1) they can be an^lified using the PCR 
primers of SEQ ID NO: 3 and SEQ ID NO: 4 and (2) they bind to the probe of SEQ ID 
NO: 5. 

In a related embodiment the cDNA sequence of the human GLP-2 receptor can be used in 
appropriately labeled form for diagnosis of conditions associated with aberrant e^q>ression of 
the GLP-2 receptor. 
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In Older to isolate GLP-2 leceptor encoding homologs of die WBR gene, it is dearaide but 
not nec^ssuy to us6 libraiies <rf fetal or mature hypotfaalamal, jqunal. hindbrain or stomach 
tissue obtained ftom die vertebrate species taige«Bd for reopt^ 
accordingly iodudes not only die WBR but structnnd homologs die^ 
those diat code for proteins having GLP-2 lecqjtor properties. As exemplified 
hereinbelow, using the WBR gene as a starting material die human homolog of the rat 
GLP-2 receptor has now been isolated. Thus, the invention provides polynucleotides 
that encode GLP-2 receptors, inchiding rat GLP-2 receptor and vertebrate homologs, 
particularly mammalian homologs tfiereof including human homologs thereof, as well as 
synthetic variants of these. 

It win be appreciated that such homologs can also be identified in Ubiaries by screening with 
ftagments of die WBR gene, which incorporate at least 15 nucleotides, and preferably at 
least 25 nucleotides. Wifli reference to SEQ ID NO: 1 and the nucleotide numbering 
appearing Uieieon, such nucleotide fragments mclude diose corresponding in sequence to die 
extracellular GLP-2 binding domain, and die transmembrane regions. 

Technically, die identification of WBR-related genes can be achieved by applytag standard 
hybridization or amplification techniques to a tissue-derived polynucleotide Ubrary. A wide 
variety of such UTiraries are commercially available. Where construction of a cDNA library 
is necessary, established techniques are applied. For example, isolation of such a WBR 
homolog typfcally will entail exdaction of total messengCT RNA from a fresh source of 
tissue, such as hypoflialamal. jejunal, stomach or hindbrain tissue, preferably hypodialamal 
tissue, foUowed by conversion of message to cDNA and formation of a Ubrary in for 
example a bacterial plasmid, more typicaUy a bacteriophage. Such bacteriophage hartioring 
ftagments of die DNA are typically grown by plating on a lawn of susceptible E. coU 
bacteria, such tiiat individual phage plaqiies or colonies can be isolated. The DNA carried 
by die 0iage colony is dien typically immobilized on a nitro-ceUulose or nylon-based 
hybridization membrane, and dien hybridized, under carefully controlled conditions, to a 
radioactively (or odierwise) labelled probe sequence to identify die particular phage colony - 
carrying die fragment of DNA of particular interest, in diis case a WBR homolog. The 
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phage carrying the particular gene of interest^ then; purified away fiom aU oAcr pii^es-^^ 
from the libraiy, in order that the forogn gene may be mare easily characterized.^.^. 
Typically, the gene or a portion thereof is subdoned into a plaonidic vector for convauence, 
especially with respect to the fill! detenniiiation of its DNA sequence. ~. 

As an alternative to obtaining GLP-2 oscoding DNA direcdy as a DNA insert from an 
available or a constructed cDNA library, in light of the present disclosure it can be 
synthesized de novo using established techniques of gene synthesis. Because of the 
length of die GLP-2 receptor-encoding DNAs of SEQ ID NO: 1, SEQ ID NO: 9 and SEQ 
ID NO: 11, application of automated synthesis may require staged gene construction, in 
whidi regions of the gene iq> to about 300 nucleotides in length are synthesized individually 
and then ligated in correct succession for final assembly. Individually synthesized gene 
regions can be anq>lified by PGR. The plication of automated synttiesis may typically be 
applied by synthesizii^ specific regions or fragments of the gene and ligating them, usuaUy 
via designed overlaps, in correct succession to form the final gene sequence. In this case, 
the longer the oligonucleotide building blodcs, the fewer will be the ligations needed, 
resulting in greater ease of assembly. 

The plication of automated goie synthesis techniques provides an opportunity for 
generating sequence variants of the naturally occurrii^ GLP-2 receptor gene. It wiD be 
appreciated, for example, that polynucleotides coding for the GLP-2 receptor herein 
described can be generated by substituting sjrnonymous codons for those represented in the 
naturally occurring polynucleotide sequences herein provided. In addition, polynucleotides 
coding for synthetic variants of the GLP-2 receptor herein provided can be generated whidi 
incorporate from 1 to 20, e.g., from 1 to 5, amino acid substitutions, or deletions or 
additions. Since it will be desirable typically to retain the natural ligand binding profile of 
the receptor for screening purposes, it is desirable to limit amino acid substitutions, for 
exarq)le to the so-called conservative replacements in which amino acids of similar charge 
are substituted, and to limit substitutions to those sites less critical for receptor activity. For 
exanq)le, substitution of nucleotides "G" and "A" for nucleotides "A" and "G" respectively 
at positions 374 and 375 of the human cDNA sequence of SEQ ID NO: 11; resulting in the 
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replacement of flie maaiOy occumiig aigmine leadue at posWon 85 of SEQ ID NO: -12 
wift a ghflamicaadieddnc. provides a fu^ TWs functional receptor is - 

referred to herein as the cloned residue 85 variant hnman GLP-2 tecq«or. 
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5 Having obtained GlP-2 receptor encoding polynucleotide, GLP-rrece^)tor can be - 

produced in a number of ways, including in vitro transcription and via incorporation of 
the DNA into a suitable expression vector and expression in the appropriate host, for 
example a bacteria such as E.coli, yeast or a mammalian ceU. A variety of gene 
expression systems have been adapted for use with these hosts and are now commetcially 

10 available, and ary one of these systans can be selected to drive expression of die GLP-2 

I receptor-eiKoding DNA. Expression vectors may be selected to provide transformed ceU 

lines that express the receptor-encoding DNA either transiently or in a stable mann^ For 
transient expression, host cells are typically transformed with an expression vector harboring 
an origin of replication functional in a tnammalian ceU. For stable expression, sudi 
;i5 repUcation origins are unnecessary, but the vectors wiUtypicaUy harbor a gene axling for a 

product Uiat confers on the transformants a survival advantage, to enable their selection such 
as a gene coding for neomycin resistance in whidi case the transformants are plated in 
medium supplemented witfi neomycin. 

20 These expression systems, available typically but not exclusively in the form of plasmidic 

veaors, incorporate expression cassettes the fimctional components of which include DNA 
constituting expression controlling sequences, which are host-recognized and enable 
expression of the receptor-encoding DNA when linked 5* thereof. The systems further 
incorporate DNA sequences which terminate expression when linked 3' of the receptor- 
25 encoding region. Thus, for expression in the selected mammalian ceU host, thrae is 

generated a recombinant DNA expression construct in which the receptor-encoding DNA is 

linked with expression controlling DNA sequences recognized by die host, and which 
inchide a region 5* of the receptor-encoding DNA to drive expression, and a 3* regicm to 
terminate expression. 
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Inchided among the various leccMnbinant DNA oqiressicm systems tiiat can be used to - - 
achieve mammalian cell e7q>ression of the leoepftor-encoding DNA are those titmt expl(Mt - 
prcHnoters of viruses diat infect mammalian cells, such as die promoter from the 
cytomjpgalovirus (CMVX die Rous sarcoma vims (RSV), simian.viius (SV40), murine 
mammary tumor virus (MMTV) and others. Also useful to drive e;q)ression are promoters 
such as the LTR of retroviruses, insect ceU promoters such as those regulated by 
teiiq)eramre, and isolated from Drosophik, as well as mammalian g^ie promoters such as 
those regulated by heavy metals i.e. the metallothionein gene promoter, and other steroid- 
inducible promoters. 

In another of its aspects, the invention provides cells or membranes derived therefrom 
which are adapted by genetic alteration for use, for example, in identifying GLP-2 
receptor ligands. In preferred embodiments, such cells are adapted genetically by the 
insertion of polynucleotide coding for a GLP-2 receptor. In particularly preferred 
embodiments, such cells incorporate a recombinant DNA molecule, e.g. an expression 
construct/vector, in which DNA coding for the GLP-2 receptor and expression 
controlling elements functional in the host are linked operably to drive expression of the 
DNA. For incorporation of receptor into cell plasma membranes, the vector can be 
designed to provide a suitable heterologous signal peptide sequence if the naturally 
occurring signal peptide is not encoded within the receptor DNA. 

Suitable GLP-2 producing cells include the Chinese hamster ovary (CHO) cells for 
example of Kl lineage (ATCC CCL 61) including the Pro5 variant (ATCC CRL 1281); the 
fibroblast-like ceUs derived from SV40-transfonned African Green monkey kidney of the 
CV-l lineage (ATCC CCL 70), of the COS-1 lineage (ATCC CRL 1650) and of the COS-7 
lineage (ATCC CRL 1651); murine Lcells, murine 3T3 cells (ATCC CRL 1658), murine 
C127 cells, human embryonic kidney cells of the 293 lineage (ATCC CRL 1573), human 
carcinoma cells including those of the HeLa lineage (ATCC CCL 2), and neuroblastoma 
cells of the lines IMR-32 (ATCC CCL 127), SK-N-MC (ATCC HTB 10) and SK-N-SH 
(ATCCHTB 11). 
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For use in ligand screening assays, cdl lines expressing the reccptor^ncoding DN A can bfr 
stored frozen forlater use. Sudi assays may be performed citba: with inlkt od^ 
membrane preparaticMisdOTvedftomsudi cells. Tbe monhraie prgrarations typically 
provide a more convenient sutetrate for tiie ligand binding experimems , and arc Aercforc 
preferred as binding substrates. To prepare naemhrane pr^aratiom for soedoii^ purpose, 
i.e., ligand binding experiments, frazea intstt cells are homogenized ^^*ile in cold water 
suspension and a membrane pellet is coUccted after centrifa The pellet is then washed 

in cold water , and dialyzed to remove any radogosous GLP-2 recqrtor ligands tiiat would 
otherwise compete for binding in the assays. The dialyzed membranes may then be used as 
such, or after storage in lyophilized form, in the Ugand bmding assays. 

The binding of a candidate ligand to a selected GLP-2 receptor of the invention is performed 
typically using a predetermiiffid amount of cell-derived membrane (measured for example by 
protein determination), generally bom about 25i^ to lOOug. Generally, competitive binding 
assays wiU be useful to evaluate the afBnity of a test compound relative to GLP-2. This 
competitive bindmg assay is perfoniied by incubating Ae membrarie prepa^ ^ 
radiolabelled GLP-2 peptide, for exanq)le pH]-GLP-2 or a radioiodinated GLP-2 analog, in ^ 
the presence of unlabeUed test coii^uiKi added at varying concentrations. Following 
incubation, either displaced or boui^ radiolabeUed GLP-2 can be recovered and measured, 
to determine the relative binding affinities of the test con^wund and GLP-2 for the GLP-2 
receptor used as substrate. In tills way, tte affinities of various con?>ounds for the GLP-2 
receptor can be measured. 

Alternatively, intact, fresh cells, harvested about two days following after transient 
transfection or after about tiie same period foUowing fresh plating of stably transfected cells, 
can be used for ligand birKiing assays by the same methods as used for membrane 
preparations. In tiiis case, die cells must be harvested by more gentie centriftigation so as 
not to damage ttem, and all washing must be done in a buffered medium. 

As an alternative to using cells tiiat express receptornencoding DNA, ligand diaracterization 
may also be performed using cells for exanq>le Xerwpus oocytes, that yield ftmctional 
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membraifi^bound lecepcor following intioductiaa of messenger RN A coding for tbe GLP-2 
receptor. In this case, the GLP-2 lecqrtor geDe of tbe invention is typically subdoned into.a 
plasmidic vector suc±i that the introduced gene may be easily transcribed into RNA via an 
adjacent KNA transcription promoter siqjplied by the plasmidic vector, for exan^le ^ T3 
or T7 bacteriophage promoters. RNA is then transcribed from the ins^ted gene in vitro, and 
can then be injected into Xenc^us oocytes. Each oocyte is a sipgle cell, but is large enough 
to be penetrated by a fine-tipped microneedle without causing irreparable damage. 
Following the injection of nL volumes of an RNA solution, Ae oocytes are left to incubate 
for xsp to sev^al days, whereiqxm the ooc^les are tested for the ability to respond to a 
particular ligand molecule siq)plied in a bathing sohition. 

Candidate GLP-2 receptor ligands can vary widely in structure, and include proteins which 
are highly related to GIP-2 itself in terms of amino acid sequence. For instance, the 
peptides disclosed in co-pending United States patent plications 08/422,540 and 
08/631,273, incorporated terein by reference, may usefully be screened for GLP-2 
receptor binding activity. Funbermore, tbe advent of high throughput screening makes 
feasible the screening of a chemical litHBry containing hundreds or thousands of test 
compounds for GLP-2 receptor binding activity. 

In addition to using the receptor-encoding DNA to construct cell lines usefiil for ligand 
screening, e;q}ression of tbe DNA can according to another aspect of the invention be 
performed to produce fragments of the receptor in soluble form, for stmcture investigation, 
to raise antibodies and for other experimental uses. It is cxpect&d that the portion of the 
GLP-2 receptor responsible for binding a ligand molecule resides on the outside of the cell, 
i.e., is extracellular. It is therefore desirable in die first instance to facilitate the 
characterization of the receptor-ligand interaction by providing this extracellular ligand- 
binding domain in quantity and in isolated fomo, i.e., free from the remainder of the 
receptor. 

To accon^lish this, the full-length GLP-2 receptor-encoding DNA may be modified by 
site-directed mutagenesis, so as to introduce a translational stop codon into tbe extracellular 
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N-4enmnal legkm, immedtofily be^ 

domain (TMl), ic, before residue 140 of SEQ ID NO: 2 and before residue 181 of SEQ 
ID NO: 12. Since there will no lOTgo: be prodiK:ed any transmembrane domain(s> to 
"anchor" ttK rccqrtor into the memlnane, expresaon of die nK)dified gene will result in the 
secretiwi, in soluble form, of only die erte^rfhilar Ugand-biixiing doma^ 
binding assays may dien be performed to ascertain die d^ree of binding of a candidate 
conqwund to the extracellular domain so produced. It may of course be necessary, using 
site-directed rautageiKsis, to produce several different versions of die extraceUular regions, 
in order to optimize d» degree of ligand binding to die isolated domains. 

It will be appreciated diat the production of such extracellular Ugand binding domains may 
be accomplished in a variety of host cells. Mammalian cells such as CHO cdls may be used 
for fliis purpose, the expression typically being driven by an expression promote capable of 
high-level expression, for exBsaplQ die CMV (cytomegalovirus) promoter. Alternately, non- 
mammalian cells, such as insect Sf 9 (Spodoptcra&ugq)enSa) cells may be used, 
expression typically beii^ driven by e;q)ression prcmoters of ths baculovirus, for exan^le - 
die strong, late polyhedrin protein promoter. Filamentous fungal egression systems may - 
also be used to secrete large quantities of such extracellular domains of the GLP-2 receptor. 
Aspergillus nidulans. for example, widi die expression being driven by die alcA promoter, 
would constitute such an acceptable system. In addition to such expression hosts, it will be 
further appreciated that any prokaiyotic or other eukaryotic ejq)ression system c^ble of 
expressing heterologous genes or ger^ fragments, whedier intracellularly or extraceUularly 
wovdd be similarly accq)table. 

The availability of isolated extracellular ligand-binding domains of the receptor protein 
makes it feasible to determine the 3-dimensional structures of these Ugand-binding regions, 
widi or widiout a carxiidate ligand complexed diereto, by a combination of X-ray 
oystallographic and advanced 2D-NMR techniques. In diis way, additional new candidate 
con^unds, predicted to have die required interactions widi d^ 3-dimensional receptor 
structure, can be specifically designed aiKl tested. 
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With largeikmiaiiis, cryscaiDog^scflby is Ibe method of choice fcx stiuctuie detenninatkm of ^ 
both the domain in isolation, and of the co<oiiq)lex with ^ 

appropriate antagonist or agonist molecule). If a particular domain can be made small 
enough, for exanqile approximatdy 100-130 amiiK) adds in leqgth, thm tiie powerful 
tedmique of 2-D NMR can also be applied to stnicture detennin^ This enables not only 
the detennination of the domain structure, but also provides dynamic information about the 
drug-receptor interaction. 

For use particularly in detecting the presence and/ or location, for exan^ie in intestinal 
tissue, the present invention also provides, in another of its aspects, labelled antibo^ to a 
GLP-2 receptor. To raise such antibodies, ttere may be used as immunogen either the 
intact, spluble receptor or ah immunogenic firagment diereof, produced in a microbial or 
manlmaliafr cell host as described above or by standard peptide synthesis techniques. 
Regions of the GLP-2 receptor particularly suitable for use as Lmraunogenic fragments 
include those corresponding in sequence to an extracellular region of the receptor, or a 
portion of the extracellular region, such as peptides consisting of 10 or more amino acids of ^ 
the 401-509 region of SEQ ID NO: 2, With regard to the human GLP-2 receptor (SEQ ID 
NO: 12), peptides comprising the mature extracellular domain (residues 65-180); 
intracellular loop 3 (resides 363-385) and the intracellular C-terminal domain (residues 442- 
533) may be usefully enq)loyed as immimogens for the production of antibodies to the 
human GLP-2 receptor. 

Antibodies to the desired GLP-2 receptor or fragment immunogen are available, for 
polyclonal antibody production, from the blood of an animal that has been immunized with 
the immxmogen. Alternatively, for monoclonal antibody production, immimocytes such as 
splenocytes can be recovered from the immunized animal and fused, using hybridoma 
technology, to a myeloma cells. The fusion products are then screened by culturing in a 
selection medium, and cells producing antibody are recovered for continuous growth, and 
antibody recovery. Recovered antibody can then be coupled covalently to a detectable label, 
such as a radiolabel, enzyme label, huninescerjt label or the like, using linker technology 
established for this purpose. 
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Animal model systons which elucidate the jAysiological aiMi behavioral role$iOf the 
GLP-2 receptor are produced by creating transgenic animals in which the activi^.of the 
GLP-2 receptor is either increased or decreased, or the amino acid sequeiK:e of the 
ejqpressed GLP-2 receptor is altered, by a variety of tedmiques. Examples of these r • 

techniques include, but are not limited to: 1) Insertion of normal or mutant versions of ' — ^ 
DNA encodmg a GLP-2 receptor, by microinjection, electroporation, retroviral 
^'^^vl transfection or other means well known to those skilled in the art, into ^ropriate 

fertilized embryos in order to produce a transgenic animal or 2) Homologcnis _ 
recombination of mutant or normal, human or animal versions of these gei^ with the 
10 native gene locus in transgenic animals to alter the regulation of expression or the 

structure of these GLP-2 receptor sequences. The technique of homologous ^ 
; recombination is well known in the art. It replaces tte native gene with the inserted 

» gene and so is useful for producing an animal that cannot express native GLP-2 

1 receptors but does express, for example, an inserted mutant GLP-2 receptor, which has 

1 15 replaced the native GLP-2 receptor in the animal's genome by recombination, resulting 

in underexpression of the transporter. Microinjection adds genes to the genome, but . - ; 

does not remove them, and so is useful for producing an animal which expresses its own 
; and added GLP-2 receptors, resulting in overexpression of the GLP-2 receptors. 

' 20 One means available for producing a transgenic animal, with a mouse as an example, is^ 

as follows: Female mice are mated, and the resulting fertilized eggs are dissected out of 
their oviducts. The eggs are stored in an appropriate medium such as M2 medium. 
DNA or cDNA encoding a GLP-2 receptor is cesium chloride purified from a vector by 
methods weU known in the art. Inducible promoters may be fused with the coding 
25 region of the DNA to provide an experimental means to regulate expression of the 

transgene. Alternatively or in addition, tissue specific regulatory elements may be fused 
with the coding region to permit tissue-specific expression of the trans-gene. The DNA, 
in an appropriately buffered solution, is put into a microinjection needle (which may be 
made fix)m capillary tubing using a piper puller) and the egg to be injected is put in a f 
30 depression sUde. The needle is inserted into the pronucleus of the egg, and the DNA 

solution is injected. The injected egg is then transferred into the oviduct of a 
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pseudopregcant mouse ( a mouse stimulated by Hie appropriate hormones to Tnaintain 
pregnancy but jwhich is not actually pregnant), where it proceeds to tibe uterus, implants, 
and develops to term. As noted above, microinjection is not the only methods for 
inserting DNA into the egg cell, and is used here only for exemplary purposes. 

5 - - ■ ^ ' 

The invention having been described above, may be better imderstood by referring to 
the following examples. The following examples are offered for the purpose of 
illustrating the invention and should not be interpreted as a limitation of the invention. 

10 EXAMPLE 1 

Isolation of the GLP-2 receptor 

PCR-assisted cloning of partial rat and mouse GLP-2 receptor cDNAs 
Rat Neonate Intestine cDNA library (Stratagene, La JoUa, CA; Cat. 936508) and Mouse 
Jejunum first strand cDNA was prepared. Degenerate primers M-2F/S (SEQ ID NO: 3) 
15 and M-7R/S (SEQ ID NO: 4) were used to amplify a partial fragment of the rat GLP-2 

receptor from the Rat Neonate Intestine cDNA library and of Ac mouse GLP-2 receptor 
from Mouse Jejiraum template. The protocol is described below: 

Degenerate PGR : 
20 6 ftl lOx VENT buffer from New England Biolabs 

6 fil 2,5^M each stock dATP, dCTP, dGTP and dTTP 
4 |il rat neonate intestine cDNA (1:10 dilution) 

3 /tl 2SfiM primer [5'-TTTTTCTAGAASRTSATSTACACNGTSGGCTAC-3') (SEQ ID 
NO: 3) 

25 3 Atl 25/xM primer [5'-TTTTCTCGAGCCARCARCCASSWRTARTTGGC-3'l (SEQ ID 

NO: 4) 

2 plI (10 units) Amplitaq DNA polymerase (Perkin Elmer) 
36 fxl ddH^O. 

Reaction conditions: 35 cycles at 94^C, 2^min.; 94*'C, 1 min.; 53 ^'C, 30 sec.; 72*'C, 1 
30 min. 
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The predominant PGR product was a 303 base pair (bp) DNA fragment. 30 fd samples 
of the above PGR were purified using the QIAGEN PGR purificaticm kit and ctatcd^in 
SOfiltWHjO. - • - * , . .^ 

Rean4>lification PGR: 

6 n\ lOx VENT buffer from New England Biolabs 
6 fi\ 2.5mM each stock dATP, dCTP, dOTP and dTTP 
4 fil above purified PGR template 

3 /il 25AiM primer [5*-TTTTTGTAGAASRTSATSTAGACNGTSGGGTAG-3'l 
3 Ml 2SfiM primer [5'.TnTGTGGAGGGARGARGGASSWRTARTTGGG.3n 
2 fil (10 units) Anq>litaq DNA polymerase (Perkin Elmer) 
36 /ilddHjO 

Reaction conditions: 31 cycles at 94**G, 2 min.; 94<*C, 1 min.; 53*^G, 30 sec.; 72**G. 1 
min. 

The predominant product at 303 base pair (bp) was cut out and purified using QIAGEN 
QIAquick gel purification protocol into 30 ^1 ddH20. 

Next, double digest (Xba I and Xho I) was done on the entire reamplified PGR reaction 
as follows: 
28 /il DNA 

16 fi\ lOX One-Phor-AIl buffer (Pharmacia) 
2 /*1 (40 units) Xba I enzyme (Pharmacia) 
2 fil (40 units) Xho I enzyme (Pharmacia) 
30 Ml ddHjO. 

The samples were digested 4 hours in 37**G water block heater, brought up to 100 fd 
volume with ddHjO (sterile) and purified by (1) equal amount (lOOul) chloroform 
extraction; (2) weekend precipitation with 2 volumes cthanol/10 volumes 3M sodhim 
acetate; (3) Ix wash with 70% EtOH; and (4) resuspension in 10 ^1 Ix TE (pH 8.0). 

pBluescript clone 5HT1F#9 was next digested with Xba 1 and Xho I as follows: 
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10 fil DNA (pBlucscript clone 5HT1F#9) 
5 ill lOX NEBuffcr 2 (New England BipLabs) 
3 III (1:20 dUution=3 units) Xba I (New England Biolabs) 
3 fil (1:20 dilution=3 units) Xho I (New England Biolabs) 
5 5 A*l (lOx) BSA (New England Biolabs) 

24 ill ddHzO. 

The sample was digested for 3 hours in 37 C water block heater, heat-inactivated at 65 
C for 20 min and purified usmg GcneCleanll kit from BIO 101. Aliqucrts of the PGR 
10 reactions were cloned into the above pBluescript plasmid vector using T4 DNA ligase 

kit (New England Biolabs) and transfonned into Epicurean Coli XL-2 Blue MRF' 
Ultracompetent cells (Stratagene). The transformation was plated onto 2xYT + AMP 
^ plates and single colonies were picked. DNA minipreps were made using QIAGEN 

W QIA-prep 8 miniprep kit and the sequences of the fragments were determined using 

ABI system. Novel sequences were identified containing a partial fragment of the rat 
and mouse GLP-2 receptor sequence. 

Cloning of cDNA with complete GLP-2 receptor coding region was achieved as follows: 
First, cDNA libraries from the following three tissues were used for screening, 
20 1 . Rat Hypothalamus (RHT) 

2. Rat Hind Brain (RHB) 

3. Rat Duodenum and Jejunum (RDJ) 

The three cDNA libraries were prepared by priming with random primer and subcloning 
unidirectionally into Hind in and Not I sites of pcDNA3. 

25 

Next, the three cDNA libraries were homology screened by a degenerate oligo C4-4 
[5'-AACTACATCCACMKGMAYCTGTrYVYGTCBTTCATSCT-3'] (SEQ ID NO: 5) 
by colony lifts and filter hybridization. The following hybridization conditions were 
employed: 5X SSPE (IX SSPE is 0.18M NaCl, lOmM NaH2P04 (pH 7.4), lOmM 
30 EDTA (pH 7.4)) and 5X Denharts sohition (1% FicoU, 1% Polyvinylpyrrolidone, 1% 

BSA); 25 mg/ml salmon sperm DNA. 
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FUtere were hybridized at 5(yc overnight. Then the filters were washed 2 times in 2X 
SSPE and 1 96 SDS at room tranpeialure for 30 min, 2 times in 2X SSPE and 1% SDS 
at 50»C for 20 min per wash; and finaUy two times m IX SSPE and 0.5% SDS. 

Positive clones were identified by autoradiography. A phig of W surrounding the 
positive clone was removed from the plate and placed in 1 ml of 2x YT +20% 
Glycerol, vortexed and was frozen at -80°C. 

Plasmid DNA from positive plugs was prepared as foUows: 100 ml of bacterial culmre 
of each positive phig was grown on an agar plate. The bacterial cells were scraped and 
rcsuspended in 1 ml of 2xYT medium+20% Glycerol. Bacterial pellet from the 250 ml 
of bacterial resuspension was resuspended in 150 ml of Sohrtion I (50mM Ghicose, 
lOmM Tris-HCl. ImM EDTA). lyse in Solution H (0.2M NAOH, 1% SDS). neutralized 
with ice cold Sohition m (Potasshun acetate; 4 vol.of 5M potassium acetate + 1 vol. of 
lOM acetic acid). After peUeting bacterial DNA. 340 ml isppropanol was added to the 
supernatant. This was centrifuged at max for 15 min. The pellet was resuspended in 
TE + 20 mg/ml RNase, incubated at 37 C for 30 minutes and precipitated with 
isopropanol + 0.2M potassium acetate. After centrifiigation, die pellet was washed 
with 70% alcohol, allowed to air dry and resuspended in TE. 

Plasmid DNA ftom 2777-clone pools of rat hypothalamus cDNA Ubrary RHT cDNA 
library was next exploited as follows: Two primers were designed from an area of the 
PCR-cloned GLP-2 rec^tor cDNA sequence that did not have identity to known 
receptors of the gene famUy. The two primers P23-R1 and P23-F1 amplified a 196 bp 
fragment only from novel clone DNA but not with GLP-1 receptor cDNA or PACAP 
receptor cDNA. The Expand™ PCR system from Boehringer Mannheim (Cat. 1681- 
842) was used under the following conditions: 
2 ^1 of lOx Expand™ Buffer 1 
2.8 III of 2.5mM dNTP mix 

0.6 ;tl of primer P23-R1 [5'-TCATCTCCCTCTTCTrGGCTCTTAC-3-] (SEQ ID NO: 
6) 
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0.6 ^1 of primer P23-F1 [5*-TCTGACAQATATGACATGCATCCAC-3;] (SEQ ID NO: 

0.3 Til of E;q)and PGR enzyme (1 unit) - — t-; . .-^ ; , 

12.7 fil water 
1^1 DNA 

Reaction conditions: 32 cycles at 93*C 40 sec; SffC, 40 sec; 68**C, 40 sec 

DNAs from each positive plug or pool of 2777-clone pools were an^>lified with specific 
primers P23-F1 and P23-R1 imder the conditions specified above. Out of 1057 C4-4 
hybridization-positive plugs and 884 2777-clone pools only five template sources 
amplified a 196 bp PGR product. These were: (1) Plug 334, (2) Plug 780, (3) RHT 
pool 233, (4) RHT pool 440. and (5) RHT poor587. 

Amplification of GLP-2R cDNA from the five positive templates was then performed. 

By using one specific primer (P23-R1 or P23-F1) and one primer based on pcDNA3 

vector (Invitrogen) sequence {830F or 1186R), the GLP-2R cDNA insert was direcdy 

amplified from clonally impure plugs or 2777-clone pools. The sequences of the vector 

primers were as follows: 

830F: [5 ' -AAGGGACTGGTTAC-3 '] 

1 1 86R: [5'-CCCAGAATAGAATGACACC-3 '] 

The PGR was done imder the follovring conditions xjsing Expand™ PGR system from 

Boehringer Mannheim (Gatalogue no. 1681-842). 

2 ^1 of lOx Expand™ Buffer 1 

2.8 ^il of 2.5mM dNTP mix 

0.6 jxl of Primer 1 

0.6 jal of Primer 2 

0.3 |il of Enzyme (1 unit) 

12.7 jil water 

1 ^il DNA 

Reaction conditions: 32 cycles at 93'*C, 45 sec; SO^'G, 45 sec; 68**G, 1 min. 
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The most prominent band was reamplified, purified and sequraiced. Based on tbe. , 
amplified sequence obtained, additional primers were designed and new sequcrcing- r^: 
carried out In this manner the complete sequences of the GLP-2R cDNA inserts in aU 
five sources of clones were determined. Sequence analysis showed that only pool RHT 
440 and pool RHT 587 contain clones with complete coding sequence of GLP-2R and 
that the two clones were identical (derived from the same cDNA clone). 

Because of difficulty in clonally purifying the GLP-2 receptor cDNA clone firom the 
RHT 440 or RHT 587 cDNA Ubraiy pools, the cDNA was amplified and recloned into 
pcDNA3. Based on the sequence obtained fi-om RHT 440 and RHT 587, two primers 
were designed adjacent to the 5' and 3' ends of the coding region. 
WBR-C5: [5'-CAGGGGCCGGTACCTCTCCACTCC-3'] 
WBR-C3: [5'-TTGGGTCCTCGAGTGGCCAAGCTGCG-3'] 

The two primers were used to amplify a DNA firagment of ^proximately 1525 bp 

fragment under the following PGR conditions using Expand™ PGR system from 

Boehringer Mannheim (Catalogue no. 1681-842). 

10 ^1 of lOx Expand™ PGR Buffer 1 

14 jil of 2.5mM dNTP mix 

3.0 ^i of Primer 1 (10 ^M) 

3.0 ^l of Primer 2 (10 |iM) 

1.5 yd of Enzyme (5 units) 

63.5 fi.1 water 

5 ^1 DNA 

Reaction conditions: 5 cycles ( 93**C,1 Min; 72°C, 40s; 60**C, 45 sec; 68°C, 2 min) and 
25 cycles ( 93^C,1 min; 72**C, 1 min; 68^C, 2 min). 

The amplified product was subcloned into Kpn I and Xho I sites of pcDNA3 vector 
(Invitrogen). Plasmid DNA was prepared using the method described above. 
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EXAMPLE2 - 

Liyand Binding Assay i: . 

Cos-1 cells were transfected as described in Analytical Biochemistry, 218:460-463(1994) 
with Rat clone 587 GLP-2 receptor, cloned human GLP-2 receptor, or cloned residue 85 
variant human GLP-2 receptor. Rat GLP-1 (7-36) amide was used as a control peptide. 
Solutions used were as follows: 

RSC in RPMI 1640 (49ml RPMI + 1ml PCS + 50ul chloroquine, lOOmM); 
DEAE/RSC Solution: 18.4 ml RSC +1.6 ml DEAE/Dextran (10 mg/ml). 

The assay procedure entailed the following: 

a) 50 mg of either rat clone 587 GLP-2 receptor, or cloned human GLP-2 receptor, 
or cloned residue 85 variant human GLP-2 receptor was added to a 50 ml tube 
containing six mis. of RSC and incubated at 37®C. 

b) Six mi of DEAE/RSC solution was added to each tube and incubate at 37°C for 2 
min. 

c) 1.5 ml of COS-1 cell suspension (5.5 millions cells) was added to each tube and 
incubated for 1 hr 45 min at 37*'C. 

d) Following incubation, the sample was spun for 5 minutes at low speed, washed 
with DMEM/F12 + 10% FBS twice, and the pellet resuspended in 12.5 ml DMEM/F12 + 
10% FBS media. 

e) One ml of cell suspension (step d) was added to each well of 6 well plates coated 
with poly- D-lysine (from Collaborative Biomedical), containing 3 ml of media (0.45 
million cells/well). 

f) Plates were incubated at 37°C for 3 days. 

Treatment of Transfected Cos-1 cells with GLP-1 /GLP-2 analog was done as follows: 
Solutions : DMEM/F12 (SFM)+ IBMX (3-isobutyl-l-methylxanthin) 0.85niM -K).l% 
ascorbic acid and 10 um pargyline (all solutions purchased from Sigma). Media was 
prepared fresh on day of use. 

Assay Procediire: The culture media of each well (transfected 6 well plates, cells) was 
removed, and the wells were washed once with SFM media. Then 2 ml of SFM + 
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IBMX media was added to each well and plates were incubated at 37»C for 10 min. 
FoUowing incubation, the SFM + fflMX was removed from each well and fiedi SFM + 
IBMX media containing GLP.l/GLP-2 (GLP-1.7-36,amide from Signia, tGly2]hGLP.2 
from Allelix) concentration 1, 3, 10 and 30 nM were added to the appropriate wells. 
Plates incubated at 37°C incubator for 30 min. Following incubation, the media were - 
removed from each weU. The wells were washed once with 1ml PBS (Phosphate 
Buffered SaUne). Each well was then treated with 1ml cold 95% ethanol: 5mM EDTA 
(2:1) at 4''C for 1 hr. Cells from each well then were soaped and transferred into 
individual eppendorf tubes. Tubes were centrifiiged for 5 min at 4<'C, and the 
supematants were transferred to new eppendorf tubes and dried in speed vacuum. 
FoUowing drying, tubes were reconstituted in lOOul of Na- Acetate and kept at :4»C, 25 
Hl of this solution used for cAMP Assay. 

The functional assay was performed as follows: cAMP content for each extract was 
determined in di^licate by ElA (Enzyme ImmunoAssay) using Hast Amersham Biotrak 
cAMP EIA Kit (Amersham 225). Results of the assays, illustrated in Figure 3 and 
Figure 6, demonstrate the GLP-2 selectivity exhibited by the cloned rat and human 
receptors. In a sunilar assay of binding to the GLP-1 receptor, tiie expected pattern of . 
binding preferentially to GLP-1 was observed. 

EXAMPLE 3 

Isolation Of Human GLP-2 Rece ptor cDNA 

Medium-stringencv hybridization screening of a hu man hypothalamus cDNA library 
One miUion clones from a /IgtlO cDNA library from human hypothalamus (Clontech; 
Cat. No. 11 72a) were screened by plaque lifts on nitrocellulose filters (Amersham; 
Cat.RPN137E). The probe was prepared by random primer labeling a DNA fragment 
containing the complete coding region of rat GLP-2 receptor. The DNA fragment was 
isolated from clone 587-Cl. which contains tfie complete coding region from SEQ ID 
NO: 2. 
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Pre-hybridizadon and hybridization were each carried out overnight in a hybridization n 
solution consisting of 50% formamide, 5X SSPE, 5X Denhart*s solution, 0.5% SDS and 
salmon sperm DNA (200 mg/ml). After hybridi2ation the filters were washed under the 
following conditions (medium stringency): 

two times at room temperature in 2X SSPE and 0.01% SDS. 

tvw> times at 42X in 2X SSPE and 0.01% SDS. 

two times at 42X in 0.2X SSPE and 0.01% SDS. - 

The filters were autoradiographed and agar plugs, each containing numerous 
bacteriophage plaqiies» were picked from regions on the plates corresponding to positive 
signals on the filter. From one million cDNA clones sampled in the first roimd screen, 
we identified two positive clones (HHP6-1 and HHP13). On secondary screening only 
HHP13 tumed out positive. Several positive plaques (HHS13) firom the HHP 13 plate 
were pooled and taken for tertiary screening. Three single positive plaques from this 
roimd.of screening were picked (HHT13-1, HHT13-2, HHT13-3). 

PCR amplification was then used for partial sequencing of the positive clones. On a - 
lawn of bacterial cells (E.coli C600H£[), 1 0 ml of phage suspension from each clone was 
applied at marked spots. After 5 hr incubation at 37**C, the ph^e plaqiies were clearly 
visible and covered -1 cm^. A portion of each plaque was transferred to 200 ml of 
water. The samples were incubated in a boiling water bath for 5 min and centrifuged at 
room temperature for 10 min. One milliliter of sample was used for PCR amplification 
with two sets of degenerate primers: 

M2FS[5'-TTTTTCTAGAASRTSATSTACACNGTSGGCTAC-3'] (SEQ ID NO: 3) and 
M7RS[5'-TTTTCTCGAGCCARCARCCASSWRTARTTGGC-3'] (SEQ ID NO: 4); or 
C4-4 [5'-AACTACATCCACMKGMAYCTGTTYVYGTCBTTCATSCT-3'] (SEQ ID 
NO: 5) and 

C9-2R [5'-TCYRNCTGSACCTCMYYRTTGASRAARCAGTA-3'] (SEQ ID NO: 8). 
The Expand™ PCR system fi-om Boehringer Mannheim (Cat. 1681-842) was xised under 
the following conditions: 
5 III of lOx Expand™ Buffer 3 
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1.5 (J of primerM2FS orC4-4 

1 J of primer M7RS (whh M2FS) or C9-2R (with C4-4) 
0.75 nl of Ejqwnd PGR enzyme (1 unit) 
33.25 |il water and _ - 
1 ^il DNA. 

Reaction conditions were: 32 cycles at 93''C, 1 min; 50 "C, 1 min; 45 "C. 1 min; 68*C, 2 
min. 



Q 

m 



10 M2FS and M7RS ampUfied a DNA ftagment of about 300 hp and C4-4 and C92-R 

amplified a DNA fragment of about 700 bp. The PGR products were purified uang the 
QIAGEN QIAquick PGR purification kit (Cat 28104) and eluted in 50 10 mM Tris, 
pH 8.0. SequOTce analysis of the prodiicts revealed no differences between the 
I templates, as expected from the fact that they represent multiple copies of a single cDNA 

•15 clone (HHT13). 



,3 



Si 



A number of factors indicate that this clone contains coding sequence of the human 
GLP-2 receptor. Once factor is the degree of sequence similarity. The glucagon 
receptor cDNA can be used to predict the expected degree of sequence conservation 
"20 found between rat and human receptors. At the nucleotide level, there is 82.6% identity 

within the coding regions of the rat and human glucagon receptors. At the amino acid 
level, there is 80.9% identity and 89.1% amino acid similarity between the gluc^on^ 
receptors of the two species. 

25 In the case of the human GLP-2 receptor cloned herein, the sequence of the partial 

human GLP-2 receptor cDNA (HHT13) is highly homologous to rat GLP-2 receptor 
cDNA at both the nucleotide and amino acid level. SEQ ID NO: 9 shows 87.1% identitj- 
with tiie rat GLP-2 receptor cDNA sequence. The predicted amino acid sequence of this 
cDNA region has 87.4% identity and 93.2% similarity with the predicted amino acid 

30 sequence of the rat GLP-2 receptor. The total predicted length of the rat receptor 

preprotein is 509 amino acids, suggesting we have determined tiie sequence of about 
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44% of the coding region of the human receptor. The comparison of the predicted r?^ 
partial human sequence with the predicted amino acid sequence of rat GLP-2 receptor 
shows beyond a reasonable doubt that this cDNA encodes the himian counterpart of the 
rat receptor. 

Further evidence si^>porting this conclusion comes from a comparison of the partial 
himian GLP-2 receptor amino acid sequence with the rat GLP-2 receptor and the 3 next 
closest family mmibers, shown below: 



Receptor Sequence (amino aci<0 


Percent Identity with HHT13 


Percent Similarity 


GLP-2 receptor (rat) 


87.4 


93.2 


GLP-1 receptor (rat) 


50-0 


74,1 


Glucagon receptor (rat) 


51.4. 


73.9 


GIP receptor (rat) 


50.7 


70.3 



These comparisons, together with the benchmark provided by sequence similarities 
between the rat and human glucagon receptors, provide definitive evidence that the 
cDNA designated HHT13 represents the human counterpart of the rat GLP-2 receptor. 

The full amino acid sequence of the hxunan GLP-2 receptor is obtained by first 
determining Ae sequence of the complete cDNA inserts in HHT13-1, HHT13-2 and 
HHT13-3. By using degenerate primers for PGR amplification and subsequent 
sequencing, we obtained sequence from only part of each insert. It is possible that these 
identical clones contain an insert which spans the complete coding sequence of the 
human GLP-2 receptor preprotein. To determine the complete sequence of the cDNA 
insert, the clones are grown in large quantity to prepare approximately 20 mg of each 
equivalent clone. The complete cDNA insert is excised by restriction with Eco RI, and 
subcloned into pcDNA3 (Invitrogen). Alternatively, two primers from vector sequence 
flanking the insert are used to amplify the complete cDNA insert using the Expand™ 
PGR system from Boehringer Mannheim (Cat 1681-842). The amplified cDNA is cut 
with appropriate restriction enzymes and is subcloned into pcDNA3 (Invitrogen). 
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If a complete coding sequence is not present in the HHT13 clones, cDNA libraries are' 
screened for additional clones to complete tbe coding region of human GLP-2 receptor . 
cDNA. Preferably human cDNA Utaaries (frwn Stratagme or Clontcch) r^resenting the 
following tissues are used for screening: Human hyi^thalamus; Human fetal brain; 
5 Human duodenum and jejunum; Human stomach; and Human fetal intestine. 

Two PCR primers are designed fix)m the sequence of human GLP-2 receptor cDN A 
already determined. These primers are designed such that they could not amplify any 
related gene family members other than the GLP-2 receptor cDNA itself. A dilution of 
10 the cDNA library stock is used to make library sub-pools such that 50,000 clones are 

represented in each pool. PCR is conducted with the GLP-2 receptor-specific primers to 
^ diagnose pools containing a GLP-2 receptor cDNA clone, using the Expand™ PCR 

system from Boehringer Mannheim (Cat 1681-842) under the following conditions: 

2 ^il of lOx Expand"^ Buffer 1 
^15 2.8 ul of 2.5niM dNTP mix 
^ 0.6 p.1 of primer PI 

0.6 (il of primer P2 

03 }i\ of Expand PCR enzyme (1 unit) 



m 



^ 12.7 p.1 water 



20 1 |il of library pool containing 50,000 clones 

Reaction conditions: 32 cycles at 93°C, 40 sec; 50-5ff*C, 40 sec; 68**C, 40 sec. 



Sequence is then obtained from the complete GLP-2 receptor cDNA insert from a 

positive pool. By using one specific primer and one primer based on vector sequence 
25 close to the cloning site, the GLP-2 receptor cDNA insert is directly amplified from 

clonally impure clone pools, using the Expand™ PCR system from Boehringer Mannheim 

(Catalogue no. 1681-842) most suitably under the following conditions: 

2 ^Il of lOx Expand™ Buffer 1 

2.8 ul of 2.5mM dNTP mix 
30 0.6 ^il of Primer 1 

0.6 \il of Primer 2 
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03 ^1 of &)zyme (1 unit) >^ : , — ' 

12.7 ^il water - ^ - . . 

1 111 of library pool stock — - 

Reaction conditions: 32 cycles at 93**C, 45 sec; 50**C, 45 sec; 68**C, 1 min. 
The reaction is run on a preparative agarose gel» and the most prominent band is purified 
and sequenced. Based on the amplified sequence obtained, additional primers are 
designed to obtain sequence and clones of complete coding region and clone the 
complete cDNA 

5* RACE and 3^ RACE are used to obtain complete coding sequence of the human GLP- 

2 receptor cDNA, Rapid Amplification of cDNA Ends (RACE) is a procedure routinely 
used for amplification of DNA sequences from first cDNA strand (easily prepared from 
mRNA) template between a defined internal site and either 3* or the 5' end of the 
mRNA. Total or mRNA from different human tissues are commercially available from 
Clontech. The 3' RACE System (Gibco-BRL Life Technologies; Cat 18373-019) and 5* 
RACE System (Cat 18374-058) kits are used. The manuals of these two products 
provide detailed protocols. In brief, protocols are as described below. 

For the 3' RACE procedure, first strand cDNA synthesis is initiated at the poly (A) tail 
of mRNA using the adapter primer (provided with system) incorporating a unique 
sequence for vmiversal PGR amplification of the RACE products. After synthesis of the 
first strand cDNA from this primer, the original mRNA template is destroyed with RNase 
H. Amplification is then performed using two primers: one is a gene-specific primer 
(which will be designed from the available partial cDNA sequence of HHT13); the other 
is the universal amplification primer provided with the kit. The amplified product is 
subcloned into a plasmid vector for sequencing. 

For the 5' RACE System, the first strand cDNA is synthesized ftom mRNA using a 
gene-specific primer (which is based on the available partial cDNA sequence of HHT13) 
and Superscript II reverse transcriptase. The original mRNA template is removed by 
treatment with RNase H. Unincorporated dNTPs, primer, and proteins are separated 
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from cDNA using spin cartridge. A homopolymeric dCTP tail is tiien added to the 3!-.- 
end of the first strand cDNA usingTdT enzyme and dCTP nucleotides. PCR 
amplification is performed using tvro primers: one is a nested, gene-specific primw 
designed from the available pjirtial DNA sequence of HHT13; and the othw is an 
"anchor primer" provided with the system. Bofli primers incorporate restriction sites for 
subcloning into plasmids and subsequent sequencing. 

Rnlw^lnnino of HHT13 X^IO clones into pcDNA3. their sequencing and expression 
A. Amplification of cDNA inserts with XgtlO primers. 

On a lawn of bacterial ceUs (E.coU C600Hfl), 10 fil of phage resuspension from each 
clone was placed at marked spots. After 5 hr incubation at 37°C, the phage plaques were 
clearly visible. The surface of each plaque was transferred to 200 ^1 of water. The 
samples were kept in boiling water bath for 5 minutes and centrifuged at room 
temperature for 10 minutes. 1 ^l of sample was used to ampUfy with a set of XgtlO 
primei^. 

GT10-5KXb [5'-GGGTAGTCGGTACCTCTAGAGCAAGTTCAGCC-3'] 

vs 

GT10-3BXh [5'-ATAACAGAGGATCXrrCGAGTATTTCTTCCAG-3' 

The Expand™ PCR system from Boehringer Mannheim (Cat. 1681-842) was used under , 

the following conditions: - 

5 fil of lOx Expand™ Buffer 3 

7 ill of 2.5mM dNTP mix 

1.5 \il of primer GT10-5KXb 

1.5 til of primerGT10-3BXh 

0.75 jil of Expand PCR enzyme (1 unit) 

33.25 til water 

1 Hi DNA 

Reaction conditions: 5 cycles of 93»C-40 sec; 50 °C- 1 min; 68«X;-2 min and 30 cycles of 
93''C-40 sec; Ramp to 6VC- 1 min; 68°C-2 min. 
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An amplified DNA fragment of about 2200 bp long Avas seen on the agarose gel from all 
three clones. The PCR product were purified using the QIAGEN*s QlAqtdck PGR 
purification kit (Cat no. 28104) and eluted in SO ^l 10 mM Tris, pH 8.0. The templates 
were sequenced. ^ . 

B. Siibcloning into pcDNA3 vector. 

The amplified and purified DNA from the three clones was restricted with Kpn I and 
Xho I and subcloned into pcDNA3 restricted with similar restriction en2ymes. The 
plasmids were named pHHT13-l,pHHT13-2, and pHHT13-3. Plasmids DNAs were 
prepared using either crude method (alkaline treatment, bacterial DNA precipitation with 
3 M KOAc, isopropanol precipitation followed by RNAse treatment and second round of 
isopropanol precipitation) or plasmid DNA kits from Qiagen Inc. The templates 
prepared using Qiagen' s kits were sequenced. , 
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C. Functional Assay 

Transfections were carried out with each clone, using the rat GLP-2R, 587 clone as a 
positive control for cAMP response to GLP-2 peptide. Methods for transfection, cell 
culture and cAMP assay were identical to those described for the functional assay of rat, 
587 clone. Results showed that although the positive control gave good cAMP response 
in COS cells, none of the HHT13 clones gave any cAMP response. As confirmed by 
sequencing which showed a frame-shift mutation, the functional data suggested that no 
functional GLP-2R protein was expressed from these cDNA clones. 
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D. Comparison of DNA sequences between rat GLP-2R and HHT13 subclones. 
The comparison showed a 2 bp deletion at a position corresponding to nucleotides 389- 
390 of the rat GLP-2R cDNA, resulting in the loss of nucleotides 374-375 of the human 
GLP-2R cDNA sequence presented herefai. 
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Tno^nn of 2 base piir^: at positio P ^74 nf the human GLP-2 receptor cDNA sequence 
and Function flt Analysis of the resulting clone , ^ - 

PGR was used to incorporate two bp of the rat GLP-2R DNA sequence into HHT13-1 
DNA at the site of the 2 bp ftame-shift deletion identified relative to the rat GLP-2R 
coding sequence. The foUowing primers wwe deagned from HHT13 DNA sequence to 
insert two bp : 
HWBR/2BPI-475F 

[5'.ACAGGCATGTCTGGAAGACrrACTCAAGGAACCTTCTGGCAT-3*] 
HWBR/2BPI-506R 

10 [5»-ATGCCAGAAGGTrCCTTGAGTAAGTCrrCCAGACATGCCTGT-3'] 
HWBR-F7 [5'-TTCCTCTGTGGTACCAAGAGGAATGC.3*] 
and HWBR-1910R: 

[5'.GGTGGACTCGAGGTACCGATCTCACTCTCTTCCAGAATC-3'] 

15 PGR 1: One ng of pHHT13-l DNA was used as template to do two PGRs with 

primers, HWBR-F7 vs HWBR/2BPI-506R and HWBR/2BPI-475F vs HWBR-IPIOR ^ 
The Expand™ PGR system from Boehringer Mannheim (Cat. 1681-842) was used under 
the following conditions: - 
E 5 ^1 of lOx Expand™ Buffer 1 

20 7 jil of 2.5mM dNTP mix 

1 .5 \il of primer HWBR-F7 or HWBR/2BPI-475F 
1 .5 \il of primer HWBR/2BPI-506R or HWBR-1910R 
0 J5 |xl of Expand PGR enzyme (1 unit) 
33.25 |il water and 

25 1 ^l DNA. 

Reaction conditions: 10 cycles of 92-G.40 sec; 48*>G- 1 min; 68-G-3 min and 30 cycles 

of 92**C-40 sec; 55*^- 40 sec; 68^G-2 min. 

The primers HWBR-F7 and HWBR/2BPI-506R amplified a DNA fragment of 400 bp 
and HWBR/2BPI-475F and HWBR-1910R amphfied a DNA fr^ment of approximately 
30 1.4 kb on an agarose gel. The two bands were cut oid of the agarose gel and purified 
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with Qiaquick gel extracdcm kh fitun Qiagen Inc. (Cat no. 28706) and the DNAs Wc ^^ 
eluted in 50 ^1 of 10 mM Tris (pH 8.5). 

PCR 2 (Extension without primes): Approximately 75 ng of two amplified product fiom 
above PCR 1 were mixed and then recombined without primers by extending under the 
following conditions: 

2 ^l of lOx Expand™ Buffer 1 

2.8 ^1 of 2.5mM dNTP mix 

03 |al of Expand PCR enzyme (lunit) 

8.9 ^il water 

6 fil of combined PCR 1 products 

Reaction conditions: 15 cycles of 92**C-1 min; 60*C- 5 min; fiS^'C-S min. 

PCR 3: 1 fil of amplified mix firom PCR 2 was used as template to amplify with 
HWBR-F7 and HWBR- 1910R primers using the following conditions: 
10 ^1 of lOx Expand™ Buffer 1 
14 ^l of 2.5mM dNTP mix 

3.0 111 of primer HWBR.F7 or HWBR/2BPI-475F 
3.0 ^1 of primer HWBR/2BPI.506R or HWBR-1910R 
1.5 yd of Expand PCR enzyme (1 unit) 
67.5 ^l water and 
1 nl DNA. 

Reaction conditions: 30 cycles of 92**C-1 min; 60'C- 1 min; 68**C-2 min. 
A DNA fiagment of approximately 1.7 kb was amplified as seen on an agarose gel. The 
PCR product was purified using the QIAGEN' s QlAquick PCR purification kit (cat no. 
28104) and eluted in 50 ^1 of 10 mM Tris, pH 8.0. The purified product was restricted 
with Kpn I and subcloned into Kpn I-r^stricted pcDNA3.1(-)/Myc-His A (Invitrogen, 
Cat. no. V855-20). One clone, named pc3.1/HuGL2R^MH6 (pHuMH6), had the 1.7 kb 
insert in correct orientation as checked by PCR using vector vs. insert primers. 
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Functional assay: 

This hybrid clone was compared to rat GLP-2R using the assay described in Bxan4>le 2. 
Results showed that the 2 bp replacement into the putative deletion site yielded a 
clone encoding a functional GLP-2R protein, as shown by the cAMP response to GLP-2 
treatment. — 

EXAMPLE 6 

Isolation of the Full-Lenpth Hnman GLP- 2 Receptor cPNA 

Twenty thousand clones from >JgtlO cDNA Library from Human Stomach (Qontech; 
Cat HL3017a) were plated on each of 100 agar 150 mm plates, SM buffer (0.1 M NaCl, 
10 mM MgjSo^, 35 mM Tris, pH-7.5, 0.01% gelatin) was added to each plate to obtain 
100 phage lysates each containing 20,000 (20K) pooled clones. The first fifty 20K 
phage lysates (20K pools) were screened by PCR using two primers designed fi^m 
HHT13 DNA sequence. The template DNA from each pool was prepared by boiling 
phage lysate for 10 minutes and centrifiiging for 10 minutes. 
HWBR-1 13F [5'.GTGGAGAGGATTTGTGCAAACATTTC-3*] 
HWBR-578R [5'-AGAGACATTTCCAGGAGAAGAATGAG-3'] 

1 nl of each 20K pool DNA was diagnosed by PCR with HWBR-1 13F and HWBR- 
578R primers using the following conditions: 

2 ^l of lOx Expand"^ Buffer 1 
2.8 ^il of 2.5mM dNTP mix 
0.6 \xl of primer HWBR-1 13F 
0.6 ^il of primer HWBR-578R 

0.3 \il of Expand PCR enzyme (1 unit) 

12.7 III water 

1 ^l 20K pool DNA 

Reaction conditions: 35 cycles of 92**C- 40s.; 60**C- 40s.; 68'*C-1 min. 

A DNA firagment of approximately 450 bp was seen in amplification of templates from 
two pools (HST 19 and HST 38). 
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B. Screening of clones firom two positive pools: HST 19 and HST 38. 
40,000 clones plated from each of two positive 20K pools were screened by plaque lifts 
on nitrocellulose filters (Amersham; CatRPNlSTE). The probe was prepared by random 
primer labeling a DNA fiagment from pHHTl 3-1. 

L The filters were pre-hybridized and hybridized at 42**C overnight Hybridization 
solution consisted of 50% formamide, 5X SSPE, 5X Denhan's solution, 0.5% SDS and 
salmon sperm DNA (200 mg/ml). 

2. After hybridization the filters were washed under the following conditions: 

• two times at room temperature in 2X SSPE and 0.01% SDS; 

• two times at 42X in 2X SSPE and 0.01% SDS; and 

• two times at 50°C in O.IX SSPE and 0.01% SDS. 

3. The filters were automdiographed and the regions on the plates matching to positive 
signals were isolated. One positive clone (HST 38-4-30) was isolated from HST 38 
pool. 450 bp DNA fragment was amplified from the positive clone by using primers 
HWBR-1 13F and HWBR-578R and sequenced. The sequence clearly showed that the 
plasmid contain 2 bp (AG) at position 373-374 of HHT13 DNA sequence. 

The complete insert of clone HST 38-4-30 was amplified using XgtlO primers as 
described in Example 1. PGR amplified a DNA fragment of approximately 1.4 kb. The 
amplified DNA was purified and sequenced. 

EXAMPLE 4 

Reconstruction of a clone of full-length functionai human GLP-2R cDNA and 
fanctional assay 

A 700 bp fragment obtained by Kpn I and Pvu II restriction digest of the amplified DNA 
from clone HST 38-4-30, and 1.4 kb DNA fragment from Xho I and Pvu II restricted 
pHHT13-l DNA were subcloned into Kpn I and Xho I restricted pcDNA3 in a three-way 
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ligation. The new plasmid construct was caUed pc3/HuGL2R-2. In this manner fixe full 
length sequence of tfie human GLP-2 recqptor was obtained;^ 

Functional Assay: 

The new clone was compared to the rat GLP-2R clone 587 as described previously. 
Results showed that the clone encoded a functional human GLP-2R protein, w*ich led to 
cAMP production in COS cells in response to GLP-2 treatment. 

EQUIVALENTS 

The foregoing written specification is considered to be suflScient to enable one 
skilled in the art to practice the invention. Indeed, varioiis modifications of the above- 
described makes for carrying out the invention which are obvious to those skilled in the 
field of biochemistry, molecular biology or related fields are intended to be within the 
scope of the following claims. 
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What is claimed is: 



L An isolated nucleic acid encoding a GLP-2 receptor. 



2. The isolated nucleic acid according to claim 1, wiierein the nucleic^acid encodes the 
amino acid sequence of SEQ ID NO: 2. 



Q 

m 
m 

m 



3. The isolated nucleic acid according to claim 2, having SEQ ID NO: I. 

10 4. The isolated nucleic acid according to claim 1» A^erein the nucleic acid encodes at 

least the amino acid sequence of SEQ ID NO: 10* 

5. The isolated nucleic acid according to claim 4, wherein the nucleic acid sequence 
comprises SEQ ID NO: 9. 
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6. An isolated nucleic acid having a sequence that is at least 40% homologous widi SEQ 
ID NO: 1. 

7. An isolated nucleic acid, characterized by: 
20 (1) the ability to be amplified by PGR primers of SEQ ID NO: 3 and SEQ ID 

NO: 4; and 

(2) the ability to bind a probe of SEQ ID NO: 5. 
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8. A recombinant polynucleotide molecule comprising a nucleic acid encoding a GLP-2 
receptor, and expression controlling elements linked operably with said nucleic acid to 
drive expression thereof. 



30 



9. The recombinant polynucleotide moleciile according to claim 8, adapted for 
expression in a mammalian cell. 



- 35 



PBMP- 76252.1 



10. The recombinant polynucleotide molecule according to claim 8, wherein said nucleic 
acid encodes a GLP-2 receptor of SEQ ID NO: 1. 

11. The recombinant polynucleotide molecule according to claim 8, wherein said nucleic 
acid encodes a GLP-2 receptor comprising SEQ ID NO: 10. 

12. A cell that has been genetically engineered by the insertion of nucleic acid coding 
for a GLP-2 receptor. 

13. The cell according to claim 12, wherein said cell is adapted by insertion of a 
recombinant DNA molecule in which nucleic acid coding for an GLP-2 receptor and 
expression controlling elements functional in said cell are linked operably to drive 
expression of said nucleic acid, 

14. The cell according to claim 13, vdierein said nucleic acid encodes a GLP-2 receptor 
of SEQ ID NO: 1. 

15. The cell according to claim 13, v^^erein said nucleic acid encodes at least the amino 
acid sequence of SEQ ID NO: 10. 

16. The cell according to claim 14, wherein said nucleic acid is one having SEQ ID 

NO: 2. 

17. A nucleic acid probe of at least 15 nucleotides, capable of specifically hybridizing 
with a unique region of a nucleic acid encoding a GLP-2 receptor. 

18. An antisense oligon\icleotide having a sequence capable of hybridizing to mRNA 
encoding a GLP-2 receptor so as to prevent translation of the mRNA. 

19. An antibody which specifically recognizes a GLP-2 receptor. 
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20. A transgenic non-human animal, having incorporated expresably therein a transgene 

v^iich codes for a GLP-2 receptor. 

21. A transgenic non-human animal comprising a homologous recombination knockout 
5 of DNA coding for the GLP-2 receptor native to said animal. 

22. A transgenic non human animal which incorporates and expresses antisense DNA as 
defined in claim 18. 

10 23. A recombinant GLP 2 receptor. 

24. The GLP 2 receptor of claim 24, comprising SEQ ID NO: 1. . 

25. The GLP 2 receptor of claim 24, comprising SEQ ID NO: 10. 



±15 
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26, A method for identifying GLP 2 receptor ligands, which comprises the steps of 

(1) incubating a test ligand with a cell as defined in claim 9'6r with a membrane 
preparation obtained therefrom; and then 

(2) determining the extent of binding between the GLP 2 receptor and the test 



27. A method for identifying GLP 2 receptor ligands, which comprises the steps of 

(1) incubating a test ligand with a cell as defined in claim 10 6t with a membrane 
preparation obtained therefrom; and then 
25 (2) determining the extent of binding between the GLP 2 receptor and the test 

ligand. 

28. A GLP-2 receptor ligand identified by the method of claim 26. 

30 29. An isolated nucleic acid according to claim 1, wherein the nucleic acid encodes a 

human GLP-2 receptor. 
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30. An isolated nucleic acid according to claim 29, wherein the nucleic acid encodes the 
amino acid sequence of SEQ ID NO: 12, 

31. An antisense oligonucleotide according to claim 18, wherein said oUgonucleotide has 
a sequence c^ble of hybridizing to mRNA encoding a human GLP-2 receptor. 

32. An isolated nucleic acid having a sequence at least 40% homology with SEQ ID 
NO: 11. 
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} ABSTRACT 



The invention relates to nucleotides and amino acid sequences encoding glucagon- 
f;-^^^^ like peptide 2 receptors, recombinant host ceUs transformed with sudi nucleotides, and 

5 methods of using the same in drug screening and related applications. 




m 
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TCTCCACTCC CAACAGATGC GTCTGCTGTG GGGCCCTGGG AGGCCCTTCC 
TCGCCCTGCT TCTGCTGGTT TCCATCAAGC .aAGTTACAGG ATCGCTCCTC 
AAGGAGAOIA CTC21GAAGTG GGCTAATTAT AAGGAGAAGT GTCTGGAAGA 
CTTGCACAAT AGACTTTCTG GCA.TATTTTG T.AATGGGACA TTTGATCGGT 
ATGTGTGCTG GCCTO^.TTCT TATCCTGG?Jl ATGTC7CTGT TCCCTGTCCT 
TCATACTTAC CTTGGTGGAA TGCAGAGAGC CC?iGQ^J^GGG CCTACAGACA 
CTGCTTGGCT O^.GGGGACTT GGCAGACGCG AGAGAACACC ACAGATATTT 
GGCAGGATGA ATOIGAATGC TCAGAGA^CC ACAGCTTCAG ACAAA?.CGTG 
GATCACTACG CCTTGCTATA CACCTTGOLG CTGATGTACA CTGTGGGCTA 
CTCCGTGTCT CTCATCTCCC TCTTCTTGGC TCTTACA.CTC TTCTTGTTCC 
TTCGAAA^.CT . GCATTGOICA CGC^TTAO. TCCACATGA^. CCTGTTCGCT 
TCGTTCA?CC TGAaAGXTCT GGCTGTCCTG GTGAPIGGAC^ TGGTCTCCCA 
CAACTCTTAC TCCAAGAGGC CCGATGATGA GAG7GGATGG ATGTCATATC 
TGTCAGAGAC ATCCGTCTCC TGTCGCTCCG TCC=lGGTCCT CCTaCACTAC 
TTTGTGGGCA CCAP.TOICTT GTGGCTGCTG GTTaA^.GGAC TTTACCTCCA 
CACTCTGCTG G?.GCCCAaiG TGTTTCCTG?. AAGGCGGCTG TGGCCCAAGT 
ACCTGGTGGT GGGTTGGGCC TTCCCCATGC TGTTTGTTAT TCCCTGGGGT 
TTTGCCCGTG CAOi.CCTGGA GAACACACGG TGCTGGGCOV CA?U5l7GGGAA 
CCTGAAA^ITC TGGTGGATCA TC^GAGGACC CATGCTGCTI TGTQTPACAG 
TTAATTTCTT CATCTTCCTC A^GATTCTCa. AGCTTCTCAT TTCTA^GCTC 
AA\GCTC^TC AGATGTGCTT CAGAGACTAC AA^TACAGAT TGGCGAAA.TC 
A^.CGTTGCTC CTCATTCCT? TGTTGGGGGT TCATGAGGTC CTCTTC\CTT 
TCTTCCCCGA CGACCA^^.GTT CA^GGATTTT CAAA^.CGTAT TCGACTCTTC 
ATCCAGCTGA C^CTGAGCTC TGTCCACGGJV TTTCTGGTGG CCTTGC^.GTA 
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1201 TGGCTTTGCC 

1251 GCTTCTTATT 

1301 A.\TTTCCGGT 

1351 CTCTGAGACA 

14 01 CCTCTGAGAC 

1451 GCTTGGCCCC 

1501 CCTGGCCAAT 

1551 GGGTCCAT CA 



AATGGAGAGG-JTGAAGGCAGA 
AGCCCGCCAC TGGGGCTGCA 
TCCTGGGGAA GTGTTCC^AG 
CTCCAGAAGC TGCGGTTCTC 
CCTGGGAGAC GTTGGGGTAC 
GGGGA^IGCAG CCTGTCTGAG 
ACGATGGAGG AGATTGTGGA 
CCGCAGCTTG GCCA 



GCTGCGA2AG TCATGGGGCC 
GA\CCTG?GT CCTGGGGAAG 
AAGCTGTCGG AGGGAGATGG 
C^CATGCAGC TCAC^VCCTGG 
AGCCTCACAG GGGCCGTGGA 
AGOIGTGAGG GAGACTTOVC 
AG?^^.GTGAG ATCTAAGGCA 



m 
m 



FIGURE 1A 



MRLLWGPGRP FIALLLLVSI KQVTGSLLKS TTQiCWJ^NYKE KCLEDLHNRL 
SGIFCNGTFD RYVCTPKSYP^GNVSVPCPSY LPWWNA£S?G RAYHHCLAQG 
TWQTKSNTTD IWQDZSECSS NHSFRQNVDH YALLYTLQi k YTVGYSV5r.J 



|SL?IAI,TI>IX Flfi KLHCTf A^ YIKMKLFASF XL3CVIAVIi^^ < DMVSHNSYSK 

TM-3 



RPDDESGWMS YLSETSVSCR SVOVIXHYFV GTNHLIfnXVZ GLYXpXLLS? 

TM-4 



?VF?SRRl |ff? Kyi^WGRAFP MLFVXPffGFAj RAKLErfTRCW ATNGNLK ^IWW ] 
TM-5 TH-6 



I-KGFMXXCV TVNFFIFIKI liatlSKLKA HQMCFKDYKY RLASdSTlXLI! 

- I I I 

TM-7 



jPI^LGVHZVX,? TFF^ DQVQG TSKKIKLFI Q LTLSSVHCrL VALQYCrAHg 
EVKJi-SLRKS'A GRFLLARK*'?G CRTCVLGKNT RTLGKCSl\<u SEGDGSETLQ 
KLRTSTCSSH 3^ASETLGDVG VQPHRGRGAW PRGS5LSE3S SGDFTLANXM 
SEILEESEI'^ 
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cAMP JRe?pon?^e of. COS Tran?^fprtpd with Ckm& 



Fold 
induction 




□GLP-1{7-36)amde 
■ RatGLP-2[Gly-:>3 



1 3 10 30 

Peptide Concentration 
(nM) 



PEMP-70374.1 



HGLP2 Human CL9-2 Receptor C4-4 vs C9-2R PCR from Clone HHT13 

1 TCCTTCTCTC TTATCTCCCt CTTCCtCGCT' CTCACCCTCC TCi ii^TTTCT ^ 

51 TCGAAAACTC CACTGCACGC GCAACTACAT -CCACXTGAAC TTGTTTGCTT - 

• 101 CTTTCATCCT GAGAACCCTG GCTGTACTGG TGAAGGAC6T -CGTCTTCTAC 

— 151 AACTCTTACT CCAAGAGGGC-TGACAATGAG-AATGGGT<a3A TGTCCTACCT.^^^^ — ^ 

201 GTCAGAGATG TCCACCTCCT GCCGCTCAGT CCAGGTTCTC TTGCATTACT 

251 TTGTGGGTGC CAATTACTTA TGGCTGCTGG TTGAAGGCCT CTACCTCCAC . 

301 ACGCTGCTGG AGCCCACAGT GCTTCCTGAG AGGCGGCTGT GGCCCARATA 

351 CCTGCTGTTG GGTTGGGCCT TCCCTGTGCT ATT7GTTGTA CCCTGGGGTT 

4 01 TCGCCCGTGC ACACCTGGAR AACACACGGT GCTCGACAAC AAATGGGAAT 

4 51 AAGAAAATCT GGTGGATCAT CCGAGGACCC ATGATGCTCT GTGTAACAGT 

501 CAATTTCTTC ATCTTCCTGA AAATTCTCAA GCTTCTCATT TCTAAGCTCA 

551 AAGCTCATCA AATGTGCTTC AGAGATTATA AATACAGATT GGCAAAATCA 

601 ACACTGGTCC TCATTCCTTT ATTGGGCGTT CATGAGATCC T-CTTCTCTTT 

651 CATCACTGAT GATCAAG 



s 
m 

m 



s r s L I s *L f-l^:a l- t'^it t f t- a**K -x^^ 

TCCTTCTCTCTTATCTCCCTCTTCCTGGCrCTCACCCTCCTCTTGT^ 
1 + + H ^ ^ ^ 

H C T R K Y I H M N L r A S r i"l R T L 
CACTGCACGCGCAACTACATCCACATGAACITG I 'n'bCTTCTTTCATCCTSAGAACCCTG 

61 A 4 . + + ^+ 120 

AVLVKDVVF YNSYSKRPONE 
GCTGTACrGGTCAAGGACGTCGTCTTCTACAACTCTTACrrCCAAGAGGCCTGACAAT^ 
121 + + + + + + 180 

NG WMS YLS EM ST S CRS V QVt 
AATGGGTGGATGTCCTACCTGTCAGAGATGTCCACCTCCTGCCGCTCAGTCCAGGTTCTC 
181 + +— : 4 + _ ^ ^. 240 

LHYFVGANYLWLLVSGLYLH 
TTGCATTACTTTGTGGGTGCCAATTACTTATGGCTGCTG6TTGAAGGCCTCTACCTCCAC 
241 4 -I 1 + + . + 300 



TLLEPTVLPE RR L W?XYLLL 
ACGCTGCTGGAGCCCACAGTGCTTCCTGAGAGGCGGCTGTGGCCCARATACCTGCTGT7G 
m 301 + + + + + :+ 360 



'j^ G W A " P V L F V V P M G ? A R . A H L E 

GGTTGGGCCTTCCCTGTGCTATTTGTTGTACCCTGGGGTTTCGCCCGTGCACACCTGGAR 
5 351 + + + + + + 420 

N T G C W T T N. G N K K I W W r I R G ? 
% W AACACAGGGTGCTGGACAACAAATGGGAATAAG AAAATCTGG7GGATCATCCGAGGACCC 
^ 421 — + + + ^ + + 480 

MMLCVTVNFFirLKrLXLL I 
ATGATGCTCTGTGTAACAGTCAATTTCTTCATCTTCCTGAAAATTCTCAAGCTTCTCATT 
431 + + + + ^ + 540 

SKLKAHQMCFRDYKYRL A KS 
TC7AAGCTCAAAGCTCATO\AATGTGCTTCAGAGATTATAAA7ACAGATTGGC.iL^.^^ 
541 + + X + _ ^ + 600 

TLVLIPLLGVHEILFSFITD 
AC3lCTGGTCCTCATTCCTTTATTGGGCGTTCATCAGATCCTCTTCTCTTTCATCACTGAT 
601 + + + + + + 660 



D Q 
GATCAAG 
661 667 



(SEQ ID NO: 11) 



.if - • 



m 



^=4 



KXmGAGGATTTGTGCAAACATTTCTTCTCTCXSACa^^ 
1 + + ♦ + + ♦ €0 

CTGCGGTGCATCTTGGACGGCTAGaGMATCTACCCCTACTTGT^ 
61 + * + * * -+ 120 



?-^v;Sl-Vr^ MKLGSSRAGP GRGSAGLLPG 

Kv- ■ GATGAAGCTGGGATCGAGCAGGGCAGGGCCTGGGAGAGGAAGCX30GGGACTCCTGCCTTC 

^^%r^J^ii:*^-V 121 + + + ---+ + " + ■ 130 

>T..»: VHELPMGIPAPWGTSPLSFH 
^^^k^' ^ • • CGTCCACGAGCTGCCCATGGGCATCCCTOCCCCCTGOGGGACaiOTCCrrCTCTCCrn^C^ 

^^y^':- 181 + + +— + ♦ - 240 

R K C S L W A P G R P F L T L V L L V S 
CAGGAAGTGCTCTCTCTGGGCCCCTGGGAGGCCCTTCCTCACTCTGGTCCTGCTGGTTTC 
241 + + _ + + - + 300 

IKQVTGSLLEETTRKWAQYK 
CATCAAGO^TTACAGGATCKXTCCTTGAGGAAACXaACrrcGGAA^ 
301 + -- + + + + + 360 

; ■ QACLRDLLKBPSGI F C N G T F 

^ ACAGGCATGTCTGAGAGACTTACTOVAGGAACCTTCTGGCATATTT^ 

C 361 + * + + + -r + 420 

-ffj - " 

^ DQYVCWPHSSPGNVSVPC P S 

TGATCAGTACGTCTGTTGGCCTCATTCTTCTCCTGGAAATGTCTCKJTACCCTC 
X 421 --- + + + + + + 480 

YLPWWSEESSGRAYRHCLAQ 
ATACTTACCTTGGTGGAGTGAAGAGAGCTCAGGAAGGGCCTACAGACACTGCTTGGCTCA 
481 - + + + + + + 540 



GTWQTI ENATDIWQDDSEC- S 
GGGGACTTGGCAGACGATAGAGAACGCCACGGATATTTGGCAGGATGACTCCGAATOCTC 
541 + + + + + 600 

ENHSFKQNVDRYALLSTLQL 
CGAGAACCACAGCTTCAAGCAAAACXnGGACCGTTATGCCTTGCTGTCAACCTTG CAGCT 
eoi : + + + + ---+ 660 

MYTVGYSFSLISLFLALTLL 
GATGTACACCGTGGGATACTCCTTCTCTCTTATCTCCCTCTTCCTGGCTCTCACCCTCCT 
661 - + + . - + + 720 

LF L R KLH CTRMY I HMNLFAS 

721 + + + + + + 780 

PI LRTLAVLVKDVVFYNSYS 
TTTCATCCTGAGAACCCTGG CTGTACTGGTGAAC5GACGTCX3TCTTCrACAACTCTTACTC 
781 + + + + + + 840 

KRPDNENGWMSYLSEMSTSC 
CAAGAGGCCTGACAATGAGAATGGGTGGATGTCCTACCTGTCAGAGATGTCCACCTCCTG 
841 + , + + + ♦ + 900 

RS VQVLLHYFVGANYLWLLV 
CCGCTCAGTCCAGGTTCTCTTGCATTA C " ri " i X3TGGGTGCCAATTACTTATGGCTGCTGGT 
901 + + + -f 4- + 960 

EG LY LHTLLE PTVLP ERRLW 
TGAAGGCCTCTACCTCCACACGCTGCTGGAGCCCACAGTGCTTCCTGAGAGGCGGC^^ 
961 + - + + + + + 1020 
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m 



•PR Y L r. L G W A P P~V V V W G F 
GCCCAGATACCrGCrOTTGGGTTGGGCCTTCX:crGTGCTATTTOTTC 
1021 — -+r-=r--:-*"*"------- + --"----7+-r5^ + lp8f> 

ARABLE NTGCWTT'nGNKKIW 
CGCCCGTGavCACCTGGAGAACAO^GGGTGCTGGAC^ACAAATGGGAATAAGAAAATC^ 

1081 + + - + + * 

WI IRGPMMLCVTVNFP^IFLK 
GTGGATCATCCGAGGACCCATGATGCTCTGTGTAACAGTCAATTTCTTCATC^ 
1141 + + - — + + - — * 1200 



ILKLLISKLKAHQMCFRDYK 
AATTCTCAAGCTTCrrCATTTCTAAGCTCAAAGCTCATCAAATGTGCTTCAGAGATTATAA 



1201 



1261 



1321 



1260 



YRLAKSTLVLIPLLGVHEIL 
ATACAGATTGGCAAAATCAACACTGGTCCTCATTCCTTTATTGGGCGCTCATGAGATCCT 



1320 



FSFITDDQVBGFAKLIR L F I 
CTTCTCTTTCATCACTGATGATCAAGTTGAAGGATTTGCAAAACTTAT^ 



-+ 1380 



QLTLS S FHGFLVALQ YG _F A N 

TCAGTTGACACTGAGCTCCTTTCATGGGTTCCTGGTGGCCTTGCAGTATGGTT^ 
1381 - * * * ^ * 14*0 



?= GEVK AELRKYWVRFLL AR HS 

fi TGGAGAAGTGAAGGCTGAGCTGCGGAAATACTGGGTCCGCTTCTTGCTAGCCCGCCACTC 

1441 + ^ + + + * 1500 

G C R AC V LG K D FR F LG KC P K K 
AGGCriGCAGAGCCnXSTGTCCTGGGGAAGGACTTCCX^TTCCTAGGAAAATGTCCCA^ 
1501 + + - + + + + 1560 

LS EGDGAEKLRKLQPSLNSG 
GCTCTCGGAAGGAGATGGCGCTGAGAAGCTTCGGAAGCTGCAGCCCTCACTTAACAGTGG 
1561 + + + + -* 1620 

RLLHLAMRGLGELGAQPQQD 
GCGGCTCCTACATCTAGCCATGCGAGGTCTTGGGGAGCTGGGCGCCCAGCCCCAACAGGA 
1621 + + - + + * + 1««0 

HARWPR GSSLSECSEGDVTM 
CCATGCACGCTGGCCCCGGGGCAGCAGCCTGTCCGAGTGCAGTGAGGGGGATGTCACCAT 
1681 * * ^ + 1740 

ANTMEEILEESEI* 
GGCCAACACCATGGAGGAGATTCTGGAAGAGAGTGAGATCTAGGGTGGAGTTCCACCACC 
1741 + ^ + + + + 1600 

CTGGCTCTGCTCCCAGGGACTCTTGAGGGGGCCCAGGAAGAGGAAGCAAAGCAGGACACA 
1801 — + + + + ^ + I860 



CGTTGCTGGGCACGGAATCATTCTCGlTCCATTCACCATGCCACTTTGATATGAAAGCrA 



1861 



-+ 1920 



TCACAAGGTTCTTCAAGCTCTGTATGAAAGAGGCTGTGTGTCATGCrrCACAGCCrrCTGC^ 
1921 + - - + + +- * 1980 



TGCTCTTCTCATCCTAATAACCCCCACCAGTGTGTTTTCCACAATGCCCACCAGACCCTA 



1981 



2041 



^ 2040 



GGGCCTGGCTCTAAATTCAAGCCAATGAAGTCCCACCCGGAATTCTTTTGCTTTTTACCC 



-+ 2100 



CTGGAAGAAATA 
2101 + 2112 
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Human 6LP-2 Receptor Complete Open Reading Frame 

Note: Translation may start with M-1 or M-26. • ^ • \;}: 
Length: 553 April 21, 1997 07:42 Type: P Check: 2776 _ 

1 MKLGSSRABP GRGSAGI.LPG VHELPMGIPA PWGTSPLSFH RKCSLWAPGR ^ 

51 PPLTLVLLVS IKQVTGSLLB ETTRKWAQYK QACLRDLLKE PSGIPCNOTP 

101 DQYVCWPHSS PGNVSVPCPS YLPWWSKESS GRAYRHCLAQ GTWQTIBNAT 

151 DIWQDDSECS BMHSFKQNVD RYALLSTLQL' MYTVGYSFSL ISLFIALTIiL 

201 LFLRKLHCTR NYIHMNLFAS PILRTIAVLV KDWFYNSYS KRPDNBNGWM 

251 SYLSEMSTSC RSVQVIiHYP VGANYI-WLLV EaLyLHTLI.E PTVI*PERRLW 

301 PRYLIiliGWAF PVLFWPWGF ARAHLKNTGC HTTNGNKKIW WIIRGPMMLC 

351 VTVNPFIPLK ILKLLISKLK AHQMCFRDYK YRIiAKSTLVC IPLWVHEH. 

401 FSFITDDQVB GFAKLIRI.FI QLTLSSFHGF LVALQYGFAN GEVKAELRKY 

451 WVRFLLARHS GCRACVLGiO) FRFLGKCPKK LSBGDGAEKL RKLQPSUJSG 

501 RIaUOAMRGIi GEIiGAQPQQD HARWPR6SSI. SECSEGDFVTM AHTMBEILES 

551 sEi 
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